43
Most human exposure to methylmercury, a neurotoxin, is from pelagic species such as tuna 44
harvested from the open ocean.
3, 4 Reduction of inorganic divalent mercury (Hg II ) in seawater to 45 form Hg 0 and subsequent evasion to the atmosphere directly reduces the reservoir available for 46 conversion to methylmercury. 5 Limited observational data on atmospheric and aquatic Hg 0 have 47 hampered our ability to model air-sea exchange on a global scale and predict responses to 48 changes in ocean biogeochemistry.
6, 7 Here we report new high-resolution data from the Pacific 49
Ocean on atmospheric and aquatic Hg 0 concentrations measured across four oceanographic 50 regimes identified by differences in temperature, salinity and productivity. We use these data to 51 better understand environmental drivers of aqueous Hg 0 formation and evasion and discuss 52 improvements to modeling capability motivated by these results and a previous study in the 53
Atlantic. 54
Regional variability in Hg 0 evasion mainly reflects differences in turbulent mixing of the 55 surface ocean (wind, bubbles, temperature) and Hg 0 concentrations in seawater. 
Methods

88
Field measurements 89
We collected high-resolution measurements of atmospheric and aquatic gaseous Hg 0 along 90 the METZYME cruise track in the Pacific Ocean between 1-24 October 2011 from 20°N to 15°S 91 (Figure 1 ). We measured atmospheric Hg 0 at a 5-minute resolution using a Tekran 2537A 92 mercury vapor analyzer. The instrument was calibrated daily using the internal calibration source 93 and had a detection limit of <0.2 ng m -3 . For aqueous Hg 0 , we collected seawater from the ship's 94 intake at 7 m depth and used the automatic continuous equilibrium system with a 5-minute 95 temporal resolution of measurements as described in detail in Andersson et al. 17 The Tekran 96 2537B used during water sampling was also calibrated daily using the internal calibration source 97 and the detection limit was <2 fM for seawater Hg 0 . 98
We aggregated all high-resolution measurements including underway measurements of 99 wind speed, salinity, temperature, precipitation, and in situ fluorescence (a proxy for algal 100 productivity) into one-hour averages for statistical analyses. Averaging over an hour is 101 reasonable as the short-term variability in the measurements was small. Dissolved 25 and to demonstrate the impact of variation 111 in this parameter, the air-sea exchange estimate using their diffusivity parameterization is 112 included in the Table S1 . 26 We selected the Nightingale et al. 21 parameterization because it 113 provides a mid-range estimate of air-sea exchange.
27, 28
114
We compare observations to modeling results from the MIT General Circulation Model 115 
Atlantic (25°W transect)). 124
The MITgcm includes both lateral and vertical transport of Hg species due to ocean 125 circulation and settling of suspended particles, as described in Zhang et al. 29, 34 The model was 126 run with repeated circulation and external forcing from current day rivers and deposition for 10 127 years. 35 Rate coefficients for photochemical and biologically driven redox reactions between Hg 0 128 and Hg II , sorption to suspended particles, and parameterization of air-sea exchange estimates are 129 from published and previously evaluated models of Hg fate in the ocean. Figure S1 ). These are specified 135 based on differences in ocean circulation and atmospheric processes, which are reflected in 136 measureable difference in seawater temperature, salinity, and fluorescence 36 ( Figure 2 ; Table  137 1). The regimes are dynamic and the spatial distribution changes with season. In the North 138
Pacific, seawater is cold with characteristically low productivity. Approaching the ITCZ, 139 seawater temperature increases and salinity declines as the result of high precipitation rates. The 140 ITCZ also experiences substantial wind driven Ekman pumping and stratified surface waters. 141
The equatorial region is dominated by the low temperatures of the South Equatorial Current and 142 high productivity due to upwelling nutrients, while the South Pacific has warmer high salinity 143 water with intermediate productivity. (Table 1) . This pattern is consistent with enrichment of atmospheric mercury in the 152 northern hemisphere from anthropogenic sources, as discussed elsewhere. (~130 fM) and remained low and fairly stable outside this region (~47-53 fM). This variability is 164 much higher than during four cruises over two years in the vicinity of Bermuda where the 165 average concentration varied by less than a factor of two across cruises. 6 We attribute high 166 concentrations observed in the oceanographic regime characteristic of the ITCZ to a combination 167 of high Hg inputs through wet deposition and a shallow mixed layer in this region, the latter 168 making elevated inputs more pronounced (Table 1) . 
Latitudinal variability in evasion 198
Air-sea exchange in the northern part of the ITCZ (maximum: 8.73 ng m -2 h -1 ) was more 199 than four-fold greater (mean: 3.24±2.22 ng m 2 h -1 ) than in the more southerly oceanographic 200 regimes (0.7-0.8 ng m -2 h -1 ) and more than two-fold greater than in the North Pacific (Table 1) . 201 
